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Objective: Although mortality related to psychotropic
medications has received much attention in recent years,
little is known about the relationship between risk of death
and cumulative antipsychotic load, and even less about the
relationship between mortality and cumulative exposure to
antidepressants or benzodiazepines. The authors examined
these relationships using nationwide databases.

Method: The authors used prospectively collected nationwide
databases to identify all individuals 16–65 years of age with a
schizophrenia diagnosis (N=21,492) in Sweden. All-cause and
cause-specific mortality rates were calculated as a function of
cumulative low,moderate, andhighexposure toantipsychotics,
antidepressants,andbenzodiazepinesfrom2006through2010.

Results: Compared with no exposure, both moderate (ad-
justed hazard ratio=0.59, 95% CI=0.49–0.70) and high (ad-
justed hazard ratio=0.75, 95% CI=0.63–0.89) antipsychotic

exposures were associated with substantially lower overall
mortality. Moderate antidepressant exposure was associated
with a lower mortality (adjusted hazard ratio=0.85, 95%
CI=0.73–0.98), and high exposure, even lower (adjusted
hazard ratio=0.71, 95% CI=0.59–0.86). Exposure to benzo-
diazepines showed a dose-response relationship with
mortality (hazard ratios up to 1.74 [95% CI=1.50–2.03]).

Conclusions: Moderate and high-dose antipsychotic and
antidepressant use were associated with 15%–40% lower
overall mortality, whereas chronic high-dose use of ben-
zodiazepines was associated with up to a 70% higher risk of
death compared with no exposure. Since patients with
anxiety and depressive symptomsmay have a higher intrinsic
risk of death, the finding for benzodiazepines may be at-
tributable to some extent to residual confounding.
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Therelationshipbetweencumulative antipsychotic exposure
and mortality among patients with schizophrenia has been
hotly debated during the past decade. Especially in Europe,
public media have widely claimed that the shorter life ex-
pectancy of patients is attributable to long-term exposure to
antipsychotics and that the use of suchmedications should be
avoided whenever possible (1). Thus far, only two published
studies have described the relationship between risk of death
and cumulative antipsychotic dose in representative patient
populations (2, 3), but those studies did not control for the
effect of concomitant psychotropic medications. Another
study investigatedcardiacmortalityandcumulativeexposure
to antipsychotics (4), but it included only patients who had
more thanoneprescription for oral thioridazine, haloperidol,
risperidone, or clozapine. Since patients with minimal or no
antipsychotic treatmentwereexcludedand thecontrol group
consisted of patients with glaucoma or psoriasis, it was
not possible to draw any conclusions on whether cardiac

mortalitywas associatedwith antipsychotic useor lackof use.
Given that a large proportion of patients with psychotic ill-
ness arealsoexposedtoantidepressants andbenzodiazepines
(5), it is somewhat surprising that the consequences of cu-
mulativeexposure to thesemedicationshavenotdrawnmuch
attention. Thus far, one study has investigated mortality and
current antidepressant use in schizophrenia (6), reporting a
significantly decreased risk for suicide and a nonsignificant
relationship between overall mortality during current anti-
depressant use compared with no use. To date, the re-
lationship between benzodiazepine use and mortality has
been studied in two publications (6, 7). In both studies,
current benzodiazepine use was associated with an increase
of 80%290% in mortality. Since psychotropic medications
may have fatal adverse events that manifest after long-term
chronicexposure, it is also important toknowtheriskofdeath
associated with cumulative use of these other drugs. To our
knowledge, no such studies on quantitative exposure to
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antidepressants or benzodiazepines have been conducted.
Therefore, we studied the relationship between cumulative
antipsychotic, antidepressant, or benzodiazepine exposure
and mortality in Sweden by using prospectively collected
nationwide databases.

METHOD

We used nationwide register data to conduct a prospective
population-based cohort study of patients with schizophrenia,
as previously described (2). This research project was
approved by the Regional Ethics Board of Stockholm (de-
cision 2007/762–31).

Study Population
The cohort participantswere identified from twonationwide
health care registers of 7,040,632 people 17–65 years of age
who lived in Sweden in 2005 according to Statistics Sweden.
In Sweden, all individuals have a unique personal identity
number, which makes it possible to track and identify each
individual in all databases. One of the two registers used was
the National Patient Register (maintained by the National
BoardofHealth andWelfare),which contains informationon
all inpatient care since 1988 and visits to specialized out-
patient units since 2001 (only larger cities having specific
units for patients with psychosis). From that register, we
selected patients who had received any health care for any
psychosis (ICD-10 codes F20–F29) before Jan. 1, 2006
(N=17,919) andwhohadreceivedadiagnosisof schizophrenia
(ICD-10 codeF20) by the endof the follow-up (Dec. 31, 2010).
Theother database usedwas theMiDAS register (maintained
by the Social Insurance Agency of Sweden), which contains
information onpeople granted adisability pension. From that
register, all people on a disability pension due to schizophrenia
(ICD-10 code F20) before Jan. 1, 2006, were included.
Altogether, 21,492 individuals were identified (corresponding
to aprevalence of0.34%).The follow-upbeganonJan. 1, 2006,
and ended onDec. 31, 2010. Thus, the follow-up periodwas
5 years for this patient cohort.

Mortality and Covariates
Information on all prescribed and dispensed drugs from
pharmacies in Sweden was obtained from the Prescribed
Drug Register (maintained by the National Board of Health
and Welfare). We selected all antipsychotics dispensed
from 2006 through 2010 except lithium, according to the
Anatomical Therapeutic Chemical (ATC, code group N05A;
see the ATC/DDD Index, http://www.whocc.no/atc_
ddd_index/). Antidepressants includedATCgroupN06A, and
benzodiazepines ATC groups N05BA, N05CD, N05CF, and
N03AE01. The cumulative exposure of antipsychotics was es-
timated by using the defined daily dose (DDD; see the ATC/
DDDIndexforthedefinitionofDDDforeachmedication).First,
we calculated the sum of dispensed medication as DDD.
Next, we divided the sum by the length of follow-up in days, of
which the days spent in a hospital were subtracted, because

antipsychoticmedications that may be used in hospitals are not
recorded in the Prescribed Drug Register. The identified
schizophrenia patients were categorized into four DDD
groups: 1) no antipsychotics, antidepressants, or benzodiazepines
during the follow-up, 2) small doses or occasional use (0–0.5
DDD/day, noninclusive), 3) moderate doses (0.5–1.5 DDD/day,

TABLE 1. Demographic and Clinical Characteristics of Patients
With Psychosis

Characteristic

All patients (N=21,492)

Mean SD

Age (years) 45.5 11.1
Months since first psychosis diagnosis 70.3 38.4

N %

Male 13,050 61
Education levela

Low (#9 years) 7,924 37
Medium (10–12 years) 11,257 52
High ($12 years) 2,311 11

Married or living with a partner 2,782 13
Previous treatment contact
Inpatient care due to psychosis 11,295 53
In hospital during 2005 due
to psychosis

4,267 20

Identified only through disability
pension due to schizophrenia

2,131 10

On disability pension in 2005 18,717 87

First-episode patients (N=1,230)
Male 806 66

Mean SD

Age (years) 36.3 11.7

a For the 467 persons (2%) for whom there were no recorded certificates or
other education information in the past 25 years, we coded the lowest ed-
ucation level.

FIGURE 1. Numbers of Patients With Psychosis Who Received
Antipsychotics, Antidepressants, and Benzodiazepines or No
Medication
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inclusive), and 4) high doses (.1.5 DDD/day), as in our pre-
vious study (2). For example, one DDD is 5 mg for risperidone,
20 mg for fluoxetine, and 10 mg for diazepam.

Date and cause of death were obtained from the Causes of
Death Register (maintained by the National Board of Health
and Welfare). Death certificates are generally written by
ordinary physicians, and by forensic specialists if death is
sudden or suspect. The documented causes of death are
considered reliable (8). The following specific causes of death
were investigated in addition to overall mortality: cardio-
vascular diseases (ICD codes I00–I99) and suicide (ICD
codes X60–X84).

Demographic characteristics were obtained from the
LISA register (maintainedbyStatistics Sweden).To study the
effects of clinical and sociodemographic characteristics,
patients were described as receiving outpatient treatment
(number of visits during 2001–2005, a proxy marker for
treatment adherence) or inpatient treatment for psychosis
(hospital days during 1988–2005, a proxy marker for disease
severity). In addition, the association of mortality with dis-
ease duration was assessed by calculating the time from the
first diagnosis of psychosis in the registers until the start of
follow-up. To study the putative survival bias, we also con-
ducted a sensitivity analysis among first-episode patients.
This cohort has been described in detail previously (2).

Statistical Analysis
Cox regression analysis was used to compare overall mortality
and mortality due to specific causes in different DDD groups
after verifying that the proportional hazard assumption was
met. Next, Cox regression analyses were used to compare the
DDD groups. Initially, we checked to see if the interactions

of DDD group by demographic characteristic or by clinical
characteristicwerestatisticallysignificant.Statisticalanalysisof
data was performed with the R software package, version 3.11.

RESULTS

The demographic and clinical characteristics of the cohort
are summarized inTable 1, and theproportions of those using
antipsychotics, antidepressants, and benzodiazepines are
listed in Figure 1. A total of 1,591 (7.4%) patients died during
the 5-year follow-up. Compared with 214,670 age- and
gender-matched persons from the general population, the
mortality of the cohort was 4.8-fold higher (95%CI=4.5–5.1).
Themost common specific cause of deathwas cardiovascular
disease (N=520, 32.7%), followed by neoplasms (N=262,
16.5%), respiratory diseases (N=175, 11.0%), and suicide
(N=151, 9.5%). No significant interactions were observed for
DDD group by demographic or clinical characteristics. The
mortality rates and adjusted hazard ratios for the different
antipsychotic, antidepressant, and benzodiazepine exposure
groups are listed in Table 2 and Figure 2. Any degree of
exposure to antipsychotics or antidepressantswas associated
with a lower overall mortality compared with no use. The
oppositewas observed forbenzodiazepines, andhigh exposure
was associated with a 74% higher risk of death compared
with no use. In the subpopulation of patients with moderate
antipsychotic use (N=8,468) (Table 2), high exposure to an-
tidepressants was associated with lower mortality (hazard
ratio=0.73, 95% CI=0.53–1.01), and high exposure to benzo-
diazepines with higher mortality (hazard ratio=1.49, 95%
CI=1.13–1.96), compared with no use of these medications.

TABLE 2. Mortality Rates and Crude and Adjusted Hazard Ratios for the Antipsychotic, Antidepressant, and Benzodiazepine Exposure
Groupsa

Low Exposure

No Exposure Crude Adjusted

Mortality Type and
Exposure Group N/Deaths N/Deaths

Hazard
Ratio 95% CI

Hazard
Ratio 95% CI

Overall mortality
Antipsychotics 2,077/199 4,110/261 0.66 0.54–0.79 0.60 0.50–0.73
Antidepressants 12,780/1,076 3,281/153 0.52 0.43–0.61 0.60 0.51–0.72
Benzodiazepines 8,064/558 6,523/376 0.97 0.84–1.11 1.04 0.91–1.19
Cardiovascular
mortality

Antipsychotics 2,077/57 4,110/72 0.67 0.47–0.95 0.61 0.43–0.87
Antidepressants 12,780/358 3,281/39 0.40 0.28–0.55 0.49 0.35–0.68
Benzodiazepines 8,064/185 6,523/101 0.77 0.60–0.99 0.85 0.66–1.10
Suicide mortality
Antipsychotics 2,077/19 4,110/33 0.73 0.41–1.30 0.75 0.42–1.34
Antidepressants 12,780/81 3,281/23 1.00 0.62–1.61 0.96 0.59–1.54
Benzodiazepines 8,064/47 6,523/46 1.30 0.85–2.00 1.31 0.85–2.02

a The identified schizophrenia patients were categorized into four defined daily dose (DDD) groups: no antipsychotics, antidepressants, or benzodiazepines during
the follow-up (0 DDD); small doses or occasional use (020.5 DDD/day, noninclusive); moderate doses (0.521.5 DDD/day, inclusive); and high doses (.1.5 DDD/
day). Crudehazard ratios are adjusted only for the useof concomitantmedications, and adjusted hazard ratios are also adjusted for age, gender, durationof illness,
education level, and treatment history (i.e., number of hospital days, number of outpatient contacts). Number of hospital days was a proxy marker for disease
severity, andnumberofoutpatientcontactsaproxymarker for treatmentadherence.Thepvalues for theadjustedhazard ratios forhighexposure (overallmortality)
were 0.001 for antipsychotics, 0.0005 for antidepressants, and 4.0310–13 for benzodiazepines.
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When moderate exposure was used as the reference in-
stead of no use, high-dose antipsychotic exposure was as-
sociatedwith27%highermortality, high-dose antidepressant
exposure 16% lowermortality, andhigh-dosebenzodiazepine
use 41%highermortality. Themortality rates and thenumber
of visits to health care services among patients with different
combinations of antipsychotic and benzodiazepine exposure
are listed in Table 3. Patients with high benzodiazepine
exposure had the highest mortality and the most frequent
visits to health care services.

The results for the most common specific cause of death,
cardiovascular disease, were analogous to overall mortality,
with the exception of equal mortality for high antipsychotic
exposure compared with no use. Concerning suicide mor-
tality, the only statistically significant findings were a higher
risk of deathwith high benzodiazepine exposure and a lower
risk of death with high antipsychotic exposure.

In a sensitivity analysis amongfirst-episodepatients (1,230
patients, 45 deaths), the only statistically significant findings
were a decreased risk of death for low (adjusted hazard
ratio=0.47, 95% CI=0.23–0.97) and moderate (adjusted
hazard ratio=0.18, 95% CI=0.07–0.45) exposure to antipsy-
chotics, and increasedmortality formoderate (adjustedhazard
ratio=2.72, 95% CI=1.10–6.73) and high (adjusted hazard
ratio=3.86, 95%CI=1.41–10.55) exposure to benzodiazepines.

DISCUSSION

To our knowledge, this is the first study to investigate the
association between mortality and cumulative exposure to
antipsychotics, antidepressants, and benzodiazepines. The
results indicate that any amount of antipsychotic and anti-
depressant usage is associated with overall mortality rates
15%–40% lower compared with no use of these medications.
In contrast, benzodiazepine exposure revealed a clear dose-
response curve for mortality, where high exposure was

associated with a 70% higher risk of death compared with no
use. While it is probable that patients who need additional
benzodiazepine treatment have more anxiety, insomnia, and
depressive symptoms than other patients, it is also likely that
high-dose chronic use of benzodiazepines, in violation of
treatment guidelines, may have become an iatrogenic cause
for excess mortality in this patient population. On the other
hand, patientswho need add-on antidepressant treatmentmay
also suffer from anxiety and depressive symptoms, which in-
crease cardiovascular morbidity, suicidal behavior, and mor-
tality (9–13). Therefore, we may assume that the decrease in
mortality associated with antidepressant use would have been
even greater if we had been able to eliminate confounding by
indication by adjusting for the severity of clinical symptoms, in
addition to treatment history and sociodemographic factors.

Ourresultsoncumulativeuseof antidepressants are in line
with the results obtained from a Finnish first-episode patient
cohort, which showed a trend toward lower mortality
(hazard ratio=0.57, 95% CI=0.28–1.16) during current use
compared with no current use of antidepressants (6). The
lower overall mortality related to antidepressant use was
partly attributable to lower cardiovascular mortality. This
findingmaybepartly explainedby the anticoagulant andanti-
inflammatory effects of themostwidely used antidepressants
(such as selective serotonin reuptake inhibitors), thus leading
to lower risk of cardiac infarctions (14). We did not observe
any decrease in suicide mortality as a function of cumulative
antidepressant exposure, as we did in the comparison of
current use and no current use in our previous study (6). This
may be explained by the time of death, since those patients
with high or moderate exposures may have committed
suicide when they had discontinued their medication. Un-
fortunately, it was not possible to conduct additional current-
use analysis in this database.

Our finding on mortality and cumulative exposure to
benzodiazepines is similar to results from two previous

Moderate Exposure High Exposure

Crude Adjusted Crude Adjusted

N/Deaths
Hazard
Ratio 95% CI

Hazard
Ratio 95% CI N/Deaths

Hazard
Ratio 95% CI

Hazard
Ratio 95% CI

8,468/532 0.62 0.53–0.74 0.59 0.49–0.70 6,837/599 0.80 0.67–0.95 0.75 0.63–0.89
3,421/238 0.74 0.64–0.86 0.85 0.73–0.98 2,010/124 0.60 0.50–0.73 0.71 0.59–0.86
4,104/330 1.37 1.19–1.59 1.23 1.06–1.42 2,801/327 2.07 1.78–2.41 1.74 1.50–2.03

8,468/178 0.76 0.55–1.03 0.73 0.53–0.99 6,837/213 1.00 0.73–1.38 1.00 0.73–1.38
3,421/81 0.73 0.57–0.93 0.86 0.67–1.11 2,010/42 0.57 0.41–0.79 0.71 0.51–0.99
4,104/105 1.26 0.97–1.63 1.14 0.88–1.47 2,801/129 2.34 1.82–3.00 1.98 1.54–2.53

8,468/60 0.60 0.35–1.03 0.61 0.35–1.04 6,837/39 0.44 0.24–0.79 0.43 0.24–0.78
3,421/29 1.27 0.82–1.97 1.24 0.80–1.93 2,010/18 1.31 0.77–2.23 1.30 0.76–2.22
4,104/30 1.43 0.88–2.34 1.49 0.90–2.45 2,801/28 2.04 1.22–3.41 2.16 1.29–3.64
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studies on current versus no current benzodiazepine use
(6, 7). The associations between excess overall mortality,
suicide mortality, and cardiovascular mortality were all alike
concerning high exposure to benzodiazepines. Treatment
guidelines recommend that benzodiazapines not be used for
longer than 1month to avoid tolerance, dependence, and dose
escalation. Therefore, it is alarming that one-third of the
population of patients with psychosis in Sweden had used on
averagemore than0.5DDD/dayof benzodiazepines,which is
equal to more than 5 mg of diazepam or 25 mg of oxazepam
every day during the 5-year follow-up. As common as long-
term benzodiazepine use was in our study population, the
literature indicates that it is probably more common among
patients with schizophrenia in other developed countries,
such as the United States (15, 16).

The association between benzodiazepine exposure and
mortalitymay be explainedby severalmechanisms. Although
long-term benzodiazepine use may be a marker for more
severe illness and coexisting substance abuse, it is also

plausible to assume that prescribing of high doses for long
periodsmay lead to tolerance and dose escalation. This could
result in fatal interactionswith concurrent use of alcohol and
illicit drugs, and worsening of polysubstance dependence
may result in a less healthy lifestyle in general. In addition,
high-dosebenzodiazepineusemayalso contribute todaytime
sedation and proneness to accidents.

The results on cumulative exposure to antipsychotics
resembled those of Cullen et al. (3), as well as those obtained
in our preliminary study (2), but the effect sizes changed
slightly when we also adjusted for the effect of cumulative
exposure to antidepressants and benzodiazepines. In par-
ticular, the mortality related to high-dose antipsychotic use
decreased when we adjusted for the effect of concomitant
high-dose benzodiazepine use. These results imply that both
excess overall mortality and cardiovascular mortality in
schizophrenia are attributable to factors other than anti-
psychotic treatment when used in adequate doses. This
finding is in line with results obtained from Finnish (17–19),

FIGURE 2. Adjusted Hazard Ratios and 95% Confidence Intervals for the Antipsychotic, Antidepressant, and Benzodiazepine Exposure
Groups for Overall Mortality, Cardiovascular Mortality, and Suicide Mortalitya
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a The identified schizophrenia patients were categorized into four defined daily dose (DDD) groups: no antipsychotics, antidepressants, or benzodi-
azepines during the follow-up (0 DDD); small doses or occasional use (020.5 DDD/day, noninclusive); moderate doses (0.521.5 DDD/day, inclusive);
and high doses (.1.5 DDD/day).
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Swedish (2, 20), andDanish (7) nationwide cohorts, aswell as
with those from a U.S. Medicaid cohort (3), all of which
showed lower mortality during current antipsychotic use
compared with no use. To our knowledge, these cohort
studies are the only sufficiently large studies comparing
mortality during antipsychotic use andnouse amongpatients
with schizophrenia, and they all show similar results. The
results from the first-episode patients resembled those from
themain cohort, but because of the lower number of subjects
and a shorter follow-up time, the only statistically significant
findings were a decreased risk of death for low andmoderate
exposure to antipsychotics and increased mortality for
moderate and high exposure to benzodiazepines.

It is possible that patients who have not used antipsy-
chotics, antidepressants, or benzodiazepines are so mildly ill
that they do not need anymedication, and that those patients
with high-dose use are the most severely ill. Another pos-
sibility is that those patients not using any medication are
those with the poorest insight, declining all treatment and
avoiding contact with health care services. Although we
adjusted for the effect of frequency of voluntary outpatient
visits to health care services (a proxy marker for treatment
adherence), there may still be residual confounding, which
has to be taken into account when considering causality.
When moderate exposure was used as the reference instead
of no use, high-dose antipsychotic use was associated with
a 27% higher overall mortality, and high-dose benzodiaze-
pine use, 41%, whereas high-dose antidepressant use was
associated with a 16% lower mortality. Even this kind of com-
parison indicates that the high-risk patients are especially those
using long-term high-dose benzodiazepine treatment. Our re-
sults revealed that patients with high-dose benzodiazepine
exposure had the most frequent treatment contacts with the
health care system, which implies that the putatively higher
degree of physical illness in this patient group cannot be
explained by fewer contacts or less access to health care
services.

Currently, and with scant scientific data, adverse events
of antipsychotics are considered the main issue in excess
mortality, but it appears that the lack of antipsychotic usage is
associated with the highest rates of overall and cardiovas-
cular mortality. It is important to realize that although
monitoring of patients with moderate or high-dose

antipsychotic treatment is relevant, it is essential to focus the
preventive interventions on those patients who have an even
higher risk of death, that is, patients not using antipsychotics
and patients using high doses of benzodiazepines. The highest
risk was observed for first-episode patients with high-dose
benzodiazepine use, with an almost fourfold higher mortality
compared with the majority of patients with no benzodiaze-
pine use. The results of this study suggest that these charac-
teristics of patients are useful markers for high risk of death.
Irrespective of the causal mechanisms, these patient groups
should receive close monitoring and active treatment of their
physical and mental health conditions, suggesting a radical
paradigm shift in the treatment of schizophrenia.

CONCLUSIONS

Our results show that cumulative exposure to benzodiaze-
pines is associated with a substantially higher mortality, and
exposure to antipsychotics and antidepressants with mod-
erately lowermortality comparedwithnouse. Proxymarkers
were used to assess disease severity (by number of hospi-
tal days) and treatment adherence (by number of voluntary
outpatient contacts). Since it was not possible to fully adjust
for severity of illness and lifestyle characteristics, such as
smoking and diet, the findings on benzodiazepines may be at
least partly attributable to residual confounding. In contrast,
the findings for antidepressants might have been even more
robust if it were possible to eliminate the confounding fac-
tors, which implies a causal relationship between antidepres-
sant use and decreased mortality. Physicians treating patients
with schizophrenia should acknowledge the high mortality
associated with chronic high-dose benzodiazepine use.

AUTHOR AND ARTICLE INFORMATION

From the Department of Clinical Neuroscience, Karolinska Institutet,
Stockholm; the Department of Forensic Psychiatry, University of Eastern

Finland, Niuvanniemi Hospital, Kuopio; and the Department of Mental

Health and Substance Abuse Services, National Institute for Health and

Welfare, Helsinki.

Address correspondence to Dr. Tiihonen (jari.tiihonen@ki.se).

Supported by Karolinska Institutet (Stockholm); Niuvanniemi Hospital
(Kuopio, Finland); and grant 129434 from the Sigrid Juselius Foundation
(Finland).

TABLE3. MortalityRates andNumberof Visits toHealthCare Services AmongPatientsWithDifferentCombinations of Antipsychotic and
Benzodiazepine Exposures

Benzodiazepine
Exposure

Antipsychotic Exposure

None Low Moderate High

Mortality
Number
of Visits Mortality
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